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Abstract: The Qaidam Basin in China, recognized for its copious salt lake mineral resources, holds
immense significance for the nation’s sustenance and industrial progression. However, the escalating
exploitation of these resources has led to substantial conflicts between economic pursuits and ecologi-
cal conservation. Ongoing activities like water diversion for flood control and brine extraction are
hindering the preservation of the lake’s natural ecosystem. This study examines the challenges of salt
lake exploitation and ecological conservation, proposing measures for environmental stewardship.
These include delineating the responsibilities of production zones designated for salt lake develop-
ment; advocating the comprehensive harnessing of flood resources; and establishing a collaborative
platform for integrating ecological data among government entities, regulatory bodies, and private
enterprises. This research aims to lay the groundwork for ecological management policies for salt
lakes in the Qaidam region to balance the development of a top-tier salt lake production base with
environmental preservation.

Keywords: Qaidam salt lake; salt lake industrial and mining development zone; natural lake system;
salt lake management; salt lake development

1. Introduction

Salt marshes are particular terrestrial ecosystems that are frequently subject to water
inundation, whether it be wet or seasonal. They can be found in coastal areas, estuaries,
arid grasslands, salt lakes, and desert zones. These ecosystems have gained worldwide
recognition for their significant ecological roles, including water filtration and carbon
storage, and are vital for the preservation of environmental well-being [1,2]. Salt marshes
are common worldwide [3-5]. In China, they are mainly found in the Inner Mongolia
Plateau, Xinjiang Uygur Autonomous Region, and high-altitude areas of the Qinghai-Tibet
Plateau [6,7]. The Qaidam Basin in Qinghai is known for its vast salt marshes [8].

The salt marshes in the Qaidam Basin, located in Qinghai Province, cover 3180 square
kilometers, about 20% of the basin’s total area. Unlike tidal marshes, the Qaidam salt
marshes have high salinity levels and abundant mineral resources [9]. The basin holds
high-quality mineral deposits with significant reserves. By 2017, it had substantial reserves
of potash, lithium chloride, and boron, making up 85%, 80%, and 20% of the national total,
respectively. Additionally, the region contributes 88% of the country’s potash fertilizer
production, with significant mineral resource reserves [10].

Salt lakes in the Qaidam Basin are crucial for the economic development of Qinghai
Province and national food and energy security, serving as strategic assets in building
an ecological civilization. During his 2016 visit to Qinghai, General Secretary Xi Jinping
promoted sustainable development, safeguarding the salt lake, promoting a circular econ-
omy, pursuing green development, and ensuring environmentally friendly utilization of
salt resources [11]. In 2017, the National Development and Reform Commission released
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the “13th Five-Year Plan for Western Development”, endorsed by the State Council [12].
This plan highlights the comprehensive exploitation of resources in the Qaidam Basin;
the promotion of new material industries such as aluminum, magnesium, and lithium in
Qinghai Province; and the proactive management of the ecological environment in the
Qaidam salt lake area, providing a clear roadmap for the development and safeguarding of
Qaidam salt lakes in the upcoming phase.

With the establishment of top-tier salt lake industries, the scale of salt lake operations
is growing, leading to a heightened conflict between ecological preservation of lake salt
marshes and economic progress. Salt marshes act as important ecological transition zones
for aquatic plants and animals, as well as natural flood barriers [9]. The extensive exploita-
tion of resources in recent years has led to declining groundwater levels, reduced salt lake
areas, and increased desertification in Qaidam Basin. However, the ecological management
of the salt lake in Qinghai Province adheres to the protection laws enacted twenty years ago.
As a result, the development zone of the salt lake remains in its initial stages of determining
what kind of standard protection is appropriate. The situation exacerbates the conflict
between ecological preservation and salt lake development.

Previous generations have attempted to reconcile the conflict between ecological
preservation and economic growth by optimizing products and improving resource utiliza-
tion [13-17]. Few individuals have examined the specific discrepancies between ecological
protection requirements and actual development. In this study, we examine the conflict
between ecological protection and salt lake development using West Taijinel Salt Lake
as a case study. West Taijinel Salt Lake is situated in the central part of Qaidam and is
endowed with considerable mineral resources and extensive reserves. Due to the limited
specific protection regulations for saline—alkali ecosystems [18]. Current mining activities
in the salt lake development zone, such as flood control and brine replenishment, are in
conflict with ecological protection requirements. West Taijinel Salt Lake is designated as a
development zone, but its flood control and resource management still follow natural lake
protocols. Strict adherence to ecological protection standards would impede development,
while prioritizing economic growth in this fragile area could result in costly restoration and
irreversible ecological harm. This study analyzes conflicts between ecological protection
and development in the West Taijinel region, offering management recommendations to
address these conflicts and providing a theoretical foundation for formulating ecological
management regulations for salt lakes in the Qaidam region.

2. Overview of the West Taijinel Area
2.1. Geographical and Climatic Characteristics

West Taijinel Lake, located at an elevation of around 2680 m in the central region of the
Qaidam Basin (37°33'-37°53" N, 93°13/-93°34’ E), receives an average annual precipitation
of about 128.9 mm. The arid conditions lead to an average annual evaporation rate of
1200 to 3500 mm, exceeding precipitation by 9-28 times [19]. The region, a semi-enclosed
depression surrounded by higher terrain, has soils primarily made up of silt, fine sand,
sandy clay, and glauconite from lacustrine deposits [20]. The arid climate and saline parent
material result in desert saline—alkali soils with high salinity and surface salt crust [21,22].
The unique dry climate and underlying surface conditions emphasize the significance
of the hydrological systems surrounding West Taijinel Lake for the replenishment and
development of saline mineral resources.

2.2. The Hydrological Systems around West Taijinel Lake

The area around West Taijinel Lake is abundant in salt lakes. Yiliping Salt Lake is to
the northwest, and to the east are Duck Lake, East Taijinel Lake, West Dabuxun Lake, and
East Dabuxun Lake (Chaka Salt Lake). East and West Taijinel Lakes are the terminal lakes
of the Nalenggele River, while Dabuxun Lake is the terminal lake of the Golmud River.
Figure 1 shows the location of West Taijinel Lake in the Qaidam Basin and its hydrological
network. The Nalenggele River naturally divides into multiple tributaries after exiting
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the mountain pass, with most of its water seeping into groundwater. This groundwater
later reunited at the forefront of the alluvial fan, giving rise to the Taijinel River [23]. The
Taijinel River splits into the East and West Taijinel Rivers, which flow into the East and
West Taijinel Lakes, respectively [24]. The West Taijinel River is the primary water source
for West Taijinel Salt Lake. River discharge is mainly in summer and varies annually due to
climatic conditions [25]. Between April and September, the flow from the Nalenggele and
Taijinel Rivers increases periodically [26]. Due to global warming, the melting of ice and
snow in March has caused a rise in natural runoff [27-29]. Annual precipitation has been
on the rise since 2013 and 2014 dry spells, reaching 48.68 billion m? in 2018.
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Figure 1. Hydrological map of the salt lakes within the Qaidam Basin and the adjacent water systems
of the West Taijinel Salt Lake.

2.3. Ecosystems before and after Development

Before development, East and West Taijinel Lakes played vital ecological roles, such
as climate regulation, flood prevention, and dust reduction. They also supported aquatic
plants and animals, helping to preserve local biodiversity. However, since 2003, when CITIC
Guoan Group acquired mining rights for the West Taijinel Salt Lake and Qinghai Lithium
Co. developed the East Taijinel Lake, the natural ecosystem has been greatly altered.

During the flood season, the Taijinel River experiences a significant increase in water flow,
leading to the dissolution of mining resources, quality deterioration, and ground subsidence.
To guarantee the safety of the resources was authorized by the government in 2008, Qinghai
Lithium Co., Ltd., constructed a flood control dam on the southwest side of East Taijinel Lake.
Additionally, the CITIC Guoan Group built a flood control dam that spans approximately
45 km on the southern side of West Taijinel Lake. The temporary flood control measure
blocked the direct flow between the East and West Taijinel Rivers and Lakes, creating a large
artificial lake spanning over 200 km?, named Duck Lake. Since 1990, West Taijinel Lake has
been shrinking at a rate of 3.50 km? /year [30], and it has completely dried up since 2013.
Yiliping Salt Lake was dry before development. However, it maintained some water level
post-development by receiving water from the Bitter Water Ditch connected to West Taijinel
Lake. Unfortunately, Yiliping Salt Lake dried up after 2014, following West Taijinel Lake.
East Taijinel Lake expanded at a rate of 2.19 km?/year from 1990 to 2002. Due to human
interference blocking the hydraulic connection with the Taijinel River from 2011 to 2017, East
Taijinel Lake almost dried up. Currently, East Taijinel Lake has been restored to its original
surface area [31]. After analyzing the East and West Taijinel lakes” satellite images, we found
that the southwest side of the East Taijinel Lake is flat, with noticeable changes, while the east
side consists of vast sandy dry salt flats covering about 50 square kilometers and reaching
a thickness of 15-20 m. The northwest side of the West Taijinel Lake is elevated, with the
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southeast side being lower. Shoreline changes mainly occur on the northwest side, and the
lake is recharged from the south, reducing shoreline changes. Images of the lakes around West
Taijinel Lake and the changes in the area over the years are depicted in Figure 2.
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Figure 2. Images of lakes near West Taijinel and the change in lake area over time.

The Duck Lake area expanded from 6.00 km? in 2003 to 390 km? in 2021. Currently,
Duck Lake replaced the dried-up West Taijinel Lake, providing ecological benefits and
flood control functions. It facilitates mining activities, stores floodwater, reduces flood
flow, and ensures the safety of the salt lake. The saved stormwater runoff aids in salt lake
development and can be used for recharge water. The new water surface supports wetland
biodiversity and enhances the landscape with unique features, like Yardang landforms.
Ecological functions have remained stable. Recently, the area has opened to tourism,
attracting visitors due to its scenic beauty and scientific value [32]. Figure 3 shows water
circulation and the Nalenggele River of Duck Lake during the 2020 rainy season.
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Figure 3. Schematic representation of the hydrological cycle at Duck Lake, encompassing the surface
water infiltration rates and groundwater recharge rates across the upper, middle, and lower reaches
of the Nalenggele River during the 2020 rainy season [33].
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2.4. Brine Replenishment Processes

Salt lake extraction involves collecting brine through channel excavation or well
drilling, followed by evaporation in salt pans under arid climatic conditions [34]. With the
continuous extraction of shallow, high-grade brine, the inter-crystal brine level decreases.
Due to low permeability of salt rock layers, high brine viscosity, and minimal hydraulic
gradient, the brine level may not return to pre-extraction levels without a new source, creat-
ing an underground brine funnel and risking depletion. Ensuring adequate replenishment
to maintain water balance in salt lakes is vital for ecological protection and sustainable
resource development [35-38]. The water supply of West Taijinel Lake mainly comes from
glacial meltwater from the Nalenggele River (known as Taijinel River downstream) from
April to June and from storm floods in July and August. Groundwater recharge mostly
comes from water infiltrating the river’s mountain outlet into the salt lake region. Flood-
waters dissolve salts on the surface of dry salt lakes, which then evaporate and become
more concentrated due to the arid climate. These waters either naturally infiltrate the
subsurface or are strategically channeled through wells and conduits upon reaching a criti-
cal concentration, thereby replenishing underground brine, dissolving valuable elements
from mineral deposits, and enhancing the quality of liquid mineral resources [39]. The
interactions and transformations between groundwater, river water, and salt lake brine
maintain the hydro-saline balance in the salt lake region, crucial for sustainable resource
extraction in salt lake areas [40].

3. Conflict between Development and Ecological Protection of West Taijinel Lake
3.1. The Significance of Developing Salt Lake Resources

The use of salt lake resources in the Qaidam Basin has a rich historical background.
Since ancient times, residents of the region have engaged in small-scale extraction of
sodium salt from areas such as Qinghai Lake, with a focal point on Chaka Salt Lake during
the Eastern Han Dynasty. Over time, extraction activities diversified to include boron
minerals, gypsum, and natural soda during the late Qing Dynasty. In 1949, significant
progress in large-scale production transformed salt lake resources in the Qaidam Basin
into five key industrial clusters: potash, sodium salt, magnesium salt, lithium salt, and
chlor-alkali [41]. Particularly noteworthy advancements have been made in Qarhan Salt
Lake, East Taijinel Salt Lake, West Taijinel Salt Lake, and Yiliping Salt Lake [23]. The
East and West Taijinel Lakes and adjacent Yiliping Lake deposits contain lithium, boron,
and potash reserves of various sizes, indicating substantial mineral resources. The brine
resource reserves are estimated at 1.6323, 0.9258, and 13.6959 million tons, underscoring
the significant potential of these mineral resources. Considering geological exploration
reserves and current market prices, the projected values of lithium carbonate, potassium
carbonate, and boric acid in West Taijinel Lake, East Taijinel Lake, and Yiliping Salt Lake
were estimated to be 0.28 trillion yuan (approximately USD 38.5 billion) [42]. Details of the
production capacity and reserve requirements of lithium carbonate, potassium sulfate, and
boric acid in these three salt lakes are depicted in Figure 4.

The West Taijinel Salt Lake deposit spans an area of 570 km? and is a significant
brine lithium deposit with lithium metal reserves totaling 505,000 tons [43]. Its annual
production comprises 400,000 tons of potassium sulfate, 10,000 tons of battery-grade lithium
carbonate, 10,000 tons of refined boric acid, and 50,000 tons of magnesium oxide [44,45].
In June 2021, General Secretary Xi Jinping visited the salt lake in Qaidam and stressed
the importance of accelerating the construction of a world-class salt lake production base,
which is strategically and economically significant [46].
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Figure 4. Production unit sizes and resource requirements for lithium carbonate, potassium sulfate,
and boric acid across three salt lakes.

3.2. The Importance of Ecological Conservation

The Qaidam Basin is an isolated ecosystem, classified as one of China’s 19 key eco-
logically fragile regions and one of the country’s eight major deserts. It has the highest
elevation and the largest desertification area among these deserts. Its simple ecosystem
structure, low productivity, poor stability, and weak self-recovery capacity make it highly
vulnerable to external disturbances. Restoring this area is extremely challenging due to its
slow recovery process and high restoration costs [47]. In recent decades, the Qaidam Basin
has suffered substantial ecological damage from climate change and human activities. This
has led to severe desertification, covering 10.964 million hm? by 2020; extensive grassland
degradation of 561,000 hm?; habitat loss for various species, deteriorating living conditions;
and shrinking lakes [48]. In 2016, General Secretary Xi Jinping emphasized that “Qinghai’s
greatest value, responsibility, and potential lie in its ecology”. Ref. [11] highlighted the
crucial importance of ecosystems for the ecological security of both Qinghai Province and
the nation as a whole [49].

The Qaidam salt lakes are important industrial sites in China but are also delicate
ecosystems. The tension between ecological preservation and extensive resource extrac-
tion from salt lakes is increasing [50]. To ensure the sustainable development of salt
lake resources and ecological protection, the government has implemented policies and
regulations. The “Qinghai Province Salt Lake Resources Development and Protection
Regulations”, effective from 1 August 2001, require adherence to environmental protection
laws. These laws include the River and Lake Chief System, Water Resources Management
Regulations, Water Withdrawal and Utilization Management Measures, and Ecological
Management Regulations. For West Taijinaier Lake, the key points of these regulations are
as follows:

Manage lake shorelines to preserve their natural shape;
Permit and supervise water extraction for projects;
Remove flood control dikes to restore ecological water flow and the water surface of
West Taijinaier Lake;
e  Ensure and require the correction of illegal encroachments on river and lake shorelines.

While most protective regulations apply to managing salt lake ecosystems, some
aspects of ecological protection do not align with the requirements of development zones.
Current regulations for managing salt lake development zones are based on regulations
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for natural lakes, leading to conflicts between development activities like brine extraction,
transportation, flood control, and ecological protection needs.

3.3. Conflict of Position between the Salt Lake as a Mineral and Mineral Development Area and the
Protection of the Natural Lake State

Terminal lakes play a vital role in watershed ecosystems. In the West Taijinel region,
downstream river ecosystems sustain algae and black-necked cranes during the summer.
Consequently, apart from their contributions to climate regulation, flood control, and
dust mitigation, terminal lakes provide habitats for aquatic flora and fauna, preserving
biodiversity. West Taijinel Lake, however, deviates from traditional terminal lakes, as it
falls within a salt lake development zone where mining activities have been permitted.
These activities, aimed at brine extraction, have disrupted the natural landscape of the
lake, altering its water depth based on extraction needs and hindering the maintenance of
a consistent surface area. The enterprises’ actions have caused changes and the potential
disappearance of the lake surface. While ecological guidelines stress the importance of
preserving natural lake shorelines, enterprises face a dilemma, as they are required to
restore the lake surface while also utilizing it for resource extraction purposes.

3.3.1. Flood Control Measures May Conflict with Ecological Protection Efforts

During the flood season, the Taijinel River’s inflow into West Taijinel Salt Lake can
reach 20-30 m3/s. High-water years occur every 3-5 years, with extreme floods about
every decade. The flat terrain can cause the lake and river to merge, expanding the lake’s
surface area significantly, which can harm salt lake resources. Constructing flood control
facilities and storage is essential for effective salt lake exploitation.

The initial temporary flood protection dikes evolved into permanent flood control
structures. The two enterprises within West Taijinel Salt Lake are classified as large-scale,
necessitating Level II flood control capacity for the dam. Dams are currently undergoing
expansion and reinforcement to optimize flood protection. Section 2.3 discusses that the
East and West Taijinel River are the primary source of recharge for the West Taijinel Lake
before development. However, a levee was built, disrupting the connection between the
rivers and the lake, leading to the gradual drying up of the lake due to mineral mining.
Restoring the natural ecology requires dismantling the levee and draining ecological water
to preserve the lake’s original appearance. However, this action may result in flooding
downstream, impact mineral quality, and cause economic losses, highlighting the conflict
between protecting the lake’s ecology and its development.

3.3.2. An Abstraction License Be Sought for Flood Resources?

Water resources are crucial for salt lake development. The extraction and transporta-
tion of brine both require substantial amounts of water. For the relatively remote West
Taijinel Salt Lake, floodwaters are a critical resource for development. Duck Lake’s flood
management demands compliance with flood control-scheduling directives. Following
each flood event during the flood season, water must be discharged to reduce the storage
level below the flood limit level, as mandated. Saline lake enterprises funnel the regulated,
evaporatively concentrated brine into salt lake mining regions for ore dissolution, deeming
this practice beneficial for comprehensive flood resource utilization. However, according
to water resource management regulations, this constitutes unauthorized water use and
necessitates a water withdrawal permit. Evidently, there are conflicting viewpoints among
departments regarding the utilization of Duck Lake’s flood resources.

Furthermore, the unaltered natural intermittent river channel, known as Kushuigou,
connects Duck Lake, West Taijnel Lake, and Yiliping Salt Lake. However, companies have
modified this channel to transport brine to dissolve ore. In accordance with the regulations
governing river chief systems, these actions constitute the unauthorized occupation of a
natural river channel by enterprises. Although management regulations in the salt lake
region are still being formulated, discussions regarding the appropriate management and
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treatment of this issue are ongoing. The specific conflicts between ecological management
and salt lake development are presented in Table 1.

Table 1. The ecological protection and conflicts present in the West Taijinel Lake.

Ecological Protection

Content

Reference to Regulations

Current Status of
Management

Major Conflicts

Lake shoreline

“Guidelines for the
Implementation of the River
and Lake Length System”,
“Regulations on Water

Strengthening shoreline
management and preserving

The natural landscape has been
permanently changed due to
development and cannot be fully

management Resources Management in natural lake shorelines restorec:r;cselttisnoréirllgl fz:i[e while
Haixi Mongol and Tibetan & &
Autonomons Prefecture” preservation standards.
“Guidelines for the After removing the flood wall, the flood
Floodwall . . Removing floodwalls and season may impact the quality of
Implementation of the River ) . - .
management restoring natural lake waters ~ resources in the mining area, affecting

and Lake Length System”

enterprise development.

Natural watercourses

management

“Guidelines for the
Implementation of the River
and Lake Length System”

Illegal occupation of
natural watercourses

The Bitterroot has been managed as an
internal production area and cannot be
returned to its natural state.

Flood resource
management

“Regulations on Water
Resources Management in
Haixi Mongol and Tibetan

Autonomous Prefecture”

Application for
water-abstraction permit

After evaporation, floodwater
resources used by enterprises become
brackish water with a high salt
concentration, which falls outside the

realm of water resource management.

4. Mitigation Options
4.1. Defining the Functional Position of the Salt Lake Resource Development Zone

In 2021, Lu Zhao et al. conducted a study on the ecological water resources in West
Taijinel Salt Lake. They observed that the average annual footprint from 2010 to 2018 was
1.1206 x 106 ghm?. The ecological carrying capacity of the region has been increasing
annually, with an 82.3% rise by 2018, primarily influenced by the precipitation control [51].
At present, the Western Taijinel region has enjoyed ecological security and sustainable
water resource management, and Duck Lake can fully support the local ecosystem [52,53].
Generally, the development of salt lakes should prioritize the preservation of the functional-
ity of salt lake wetlands.The maintenance of salt lake wetland functions should be flexible,
provided that the overall wetland functions of the area are preserved.Modifications to
lake depth or lake surfaces should be allowed as long as the overall ecological function is
maintained. It is crucial for government-planned salt lake development zones to establish
clear development goals to maximize economic benefits, preserve ecological functions,
and promote sustainable development. The Mineral Resources Law grants mining license
holders broad rights to manage mineral resources. Common development activities like
water diversion, storage, and provision for brine concentration are standard practices for
salt lake enterprises.

4.2. The Principles and Flexibility of Wetland Conservation

Salt lake wetlands are vital ecosystems in arid regions, necessitating a balanced
approach that emphasizes both protection and sustainable development over absolute
preservation. China’s Wetland Protection Law aligns with “Ramsar Convention on
Wetlands of International Importance especially as Waterfowl Habitat”, emphasizing the
rational conservation and utilization of wetlands with specific ecological functions [54].
Many salt lakes worldwide are protected under the “Ramsar Convention”, with over
200 countries participating to safeguard 3870 wetlands, including 202 permanent inland
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salt lakes and 405 coastal saline lakes [55]. The ecological protection of salt lakes refers
to relevant regulations.

4.2.1. Flood Barrier Management

In West Taijinel, enterprises have constructed water-diversion and -storage facilities
to manage flood events, ensure mining safety, and create new water surfaces. These
artificial water bodies replace natural salt lake water, preserving wetland functions and
supporting salt lake mining. Consequently, flood control in salt lakes can be integrated with
salt lake production and the maintenance of wetland functions. Additionally, enterprises
holding mining rights can extract, transport, and replenish brine while meeting ecological
protection standards. This approach balances the ecological protection requirements of
the development zone with the production needs of enterprises. While the document
should clarify flood control standards for Duck Lake and the multifunctional use of Bitter
Water Ditch for flood discharge and brine transmission, it should also rigorously design
the flood-limit water level and ecological water level for the West Taijinel area.

4.2.2. Flood Resources and Management

In the arid Qaidam Basin, where water resources are scarce, strict water-extraction
management procedures have been implemented by the central government to ensure
ecological water needs. These procedures include comprehensive planning of basin wa-
ter resources, medium-to-long-term water resource scheduling, environmental impact
assessments for projects, water resource impact assessments for construction projects, and
the application and supervision of water extraction permits. Recent government policies
have introduced the “Three Red Lines”: a red line for water extraction, water use effi-
ciency, and wastewater discharge. These policies require each province and county to set
upper limits for water extraction. As a result, water use efficiency in the West Taijinel
region has significantly improved, ensuring sustainable water resource development and
ecological security.

The floodwater released from Duck Lake for mining activities serves as a secondary
use after meeting ecological water functions. This water, sourced from riverine ecological
base flows and floods, fulfills the ecological water needs of the terminal lakes. Therefore,
the water used for mining from Duck Lake does not increase the total water use in the basin
but rather represents a reuse of ecological water from terminal lakes. To address water
scarcity in the West Taijinel region, promoting the integrated use of floodwater resources is
recommended. Meanwhile, maintaining a certain water surface area in the lake is essential
to preserve the wetland’s ecological functions, and water extraction for mining should not
go below the ecological water level limit.

5. Conclusions and Future Perspective

In the fall of 2023, the Central Fifth Ecological and Environmental Protection Inspection
Team expressed concerns about the unorthodox expansion, unauthorized water extraction,
and encroachment on grasslands by certain enterprises in the Qaidam Salt Lake area
of Qinghai. The aforementioned issues have had adverse effects on local ecosystems.
Ensuring the green and sustainable development of salt lake resources in the Qaidam Basin
remains a significant challenge [56,57]. To promote balanced growth between ecological
construction and the economy, tailored management recommendations considering the
unique development characteristics of salt lakes are essential.

5.1. Clarify the Positioning of Production Areas in Planned and Authorized Salt Lakes to Avoid
Unreasonable Requirements for Maintaining the Lake Surface

Managers must carefully consider the diverse ecosystems within the salt lake devel-
opment area, encompassing salt extraction, avian habitats, and recreational activities, to
formulate comprehensive plans. It is crucial to delineate the boundaries of the salt lake
mineral development zone to meet the strategic objectives of creating a world-class salt lake
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development area. These designated zones should be classified as production areas, with
specific regulations for production and ecological environment protection management.

Given the creation of Duck Lake, restoring East and West Taijinel Lakes to their
original states is not feasible. To ensure Duck Lake’s ecological functionality, it is essential
to facilitate water surface movement while maintaining a specific lake area. The goal
is to preserve the original water surface of Taijinel Lake without necessitating complete
restoration. Furthermore, the water diversion channels, brine extraction channels, and
brine transportation channels (including bittern ditches) within the salt lake production
area should be treated as internal production channels of enterprises, provided they meet
flood control standards.

Regulating the brine level dynamics in the salt lake production area is crucial to prevent
adverse environmental impacts and maintain normal production activities. The flood control
levee at Duck Lake serves as vital infrastructure for ensuring enterprise safety during the flood
season; however, levee management must comply with coordination requirements set forth
by flood control authorities. Post-development, enterprises must ensure the non-hazardous
treatment of developed areas, adhering to ecological safety standards.

5.2. Revision of the Regulations on the Development and Protection of Salt Lake in
Qinghai Province

Saline-alkaline environments are often undervalued, leading to a lack of strict laws and
policies to prevent their degradation. Human activities can harm these environments, but
this can be reduced by altering management policies and implementing safety regulations
for relevant industries, thereby achieving a balance between economic development and
ecological preservation [58]. For instance, after a 67% decrease in water volume at Great
Salt Lake, USA, salinity significantly increased. The Clean Air Act of 1963 contributed to the
lake’s recovery, with a 25-fold decrease in metal concentrations in surface sediments [59].
Reduced mining and enhanced pollution control measures since the 1980s were key factors
in this improvement.

The Regulations on the Development and Protection of Salt Lakes in Qinghai Province,
implemented in August 2001, have shaped the use of salt lake resources for twenty years.
However, these regulations are no longer aligned with the current state of salt lake resource
development. Article 6 of the regulations emphasizes that the development of salt lake
resources must comply with the environmental protection laws. It highlights the prin-
ciple of “who develops, who protects, who destroys, who compensates, who pollutes,
who manages, and strive to protect the ecological environment of salt lake resources and
mining areas”. This principle is sound, but further clarification is necessary to define
what constitutes the destruction and pollution of the salt lake. In the development zone,
it is not possible to completely prevent destruction, but it is necessary to maintain the
ecological function of the area without causing significant harm. This includes allowing for
appropriate movement of the water surface location, as long as it is performed in a way that
maintains a certain water surface level. It is not mandatory for enterprises to restore the
salt lake to its original state during development, but they may be obligated to restore the
ecology post-development. This restoration process should encompass not only returning
the area to its former state but also taking into account environmental safety, landscape
compatibility, habitat diversity, and ecological equilibrium. These principles should guide
the restoration process to ensure successful and sustainable outcomes.

Improving the definition of mining depth for deep and open-pit mining in the Regu-
lations on the Exploitation and Protection of Salt Lakes in Qinghai Province is necessary
to provide clarity. Currently, the well mining of West Taijinel Salt Lake reaches a depth of
100 m, and the decision to use open-pit mining is left to the enterprise and management
unit. However, the regulations do not clearly define the scope of deep mining and open-pit
mining, highlighting the need for specific guidelines on monitoring mining depth by the
Bureau of Land and Resources.
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To address ecological disturbances from illegal construction and grassland encroach-
ment in the Qaidam Basin, stricter legislation is needed. Remote sensing and Geographic
Information Systems (GIS) can aid in monitoring water resources in these areas [60]. Jain
et al. (2005) suggest dividing the development area into three priority zones for conserva-
tion planning: urgent attention areas, moderately sensitive areas, and land use/land cover
classifications. Prioritizing these zones can enhance conservation efforts [61].

5.3. Implement a Three-Tier Integrated Approach to Develop a Comprehensive Ecological
Data Platform

Collaboration among government, enterprises, and public is crucial to protect the eco-
logical development of salt lake regions. Successful global precedents such as conservation
efforts for Mono Lake have demonstrated the effectiveness of this approach. After extensive
protests and scrutiny, collaborative efforts among governments, private organizations, and
the public were initiated to restore lake water levels [62]. To develop salt lakes in the
Qaidam Basin, enterprises should prioritize ecological enhancement, improve mineral
resource utilization, accelerate high-end product research, and establish a green economic
model. Furthermore, they need to improve their management systems and systematically
monitor the surrounding ecological environment, including lake depth, evaporation rates,
biodiversity, groundwater quality, soil composition, and extraction depths. To achieve
these goals, a three-tier collaboration between government and law enforcement agen-
cies should be implemented to develop a comprehensive ecological data platform. This
platform will allow for quantifying ecological changes, sharing ecological data, analyzing
the threshold values of ecological impact factors, and establishing ecological management
standards based on these thresholds. This approach will be highly effective by refining the
ecological management mechanism, enhancing the overall management level and efficiency,
and providing real-time management support for the synergistic economic and ecological
development of the development zone.

5.4. Coordinated Management

In May 1999, the Qinghai Provincial Land and Resources Department’s Salt Lake Ad-
ministration and the Golmud Qarhan Salt Lake Administration were established. According
to the 2016 Salt Lake Administration Work Report, the primary focus of the administration
was on the supervision and management of salt lake mineral resources and the collection
of mineral resource compensation fees, with a relatively low administrative level [63]. It is
essential to dismantle the barriers of individual salt lake management units and enhance
inter-governmental coordination. Differentiated resource and environmental management
should be implemented based on the characteristics of each salt lake development zone,
exploring the establishment of an ecological capital asset liability statement and estab-
lishing resource utilization, environmental performance inventory management, and exit
and compensation mechanisms. Additionally, a comprehensive plan for the coordinated
development of ecology and salt lakes should be devised, addressing issues such as the
protection of strategic alkali resources and the reserve of alkali products.

The development of the salt lake industry in Qaidam is crucial for the economic
growth of Qinghai Province and China. To meet President Xi’s goal of establishing a top-
tier salt lake production base and align with the objectives of the “14th Five-Year Plan” and
the “One Belt, One Road” strategy, it is essential to comprehensively consider economic
construction and ecological protection in the development zone. Strengthening relevant
laws and regulations, clarifying the authority and responsibilities of administrative units,
enhancing regulations and documents, defining management rights and responsibilities,
rationalizing the development and management of salt lakes, and addressing conflicts
between enterprises and management requirements are the key steps to achieving a balance
between building a world-class salt lake production hub and preserving the environment.
This will lead to the high-quality development of the salt lake area.
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